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Abstract: It is widely accepted that reproductive performances are inversely related to milk production, thus 
only a good reproductive management could avoid economic loses. Progesterone level represents a good monitor 
of estral cycle, and enzyme immunoassay is an easy to do and reliable method for its assessment. In our own 
enzyme immunoassay for serum progesterone, the detection limit was 0.52 ng/ml, the intra-assay coefficient of 
variation was 8.56% for low progesterone samples and 1.59% for samples containing high progesterone. We also 
obtained an inter-assay %CV of 16.2 for progesterone < 1 ng/ml, 12.1 for high progesterone, the average value 
for all 30 samples being 14.4%. We concluded that the used progesterone immunoassay allowed, based on 
obtained values, the identification of both estrus and pregnant cows. The detection limit allows identification of 
the presence of luteal tissue. The intra- and inter-assay coefficients of variation are ranging between widely 
accepted values in order to ascertain a reaction as reliable.There were no significant differences between results 




In modern dairy cows, reproductive management represents the crucial factor affecting 
profitability (Oltenacu et al., 1990). Reproductive performances are inversely related to milk 
production and production costs (Lucy, 2001). In this respect, accurate estrus detection  
and/or pregnancy diagnosis could represent a landmark for gaining or loosing open days in 
the postpartum dairy cows. Thus is very important to have a reliable method to point out if a 
cow is in calf or not. The level of progesterone, secreted by corpus luteum, follows the stages 
of estral cycle (Dobson et al., 1975), being an accurate indicator of estrus or preganancy. 
Using progesterone concentration as diagnostic tool relies on several methods such as 
radioimmunoassay or enzyme immunoassay. We have developed our own enzyme 
immunoassay for serum progesterone, starting with polyclonal antibody production. Further, 
the reaction was assembled and now we are verifying its reliability, from the point of view of 
detection limit, intra- and interassay coefficients of variation and the corelation  with results 
obtained with other metods for serum progesterone assay. 
 
MATERIALS AND METHODS 
 
Blood samples (n=30) were obtained through jugular vein punction (Vacuette, 20G). 
Samples were parallel assayed using three methods: M1 – capillary electrophoresis (on 
Beckman analyzer), M2 – ELFIA (on Minividas analyzer) and our own enzyme immuno 
assay - M3. 
M3 works as follows: 
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 FIRST DAY SECOND DAY 
1 Rinse pre coated (second ATB) wells 3 x Tween 
80 (0.1% solution) in washer. 
Remove whole solution from the wells. 
2 Add in two replication 30 µl of standards and 
samples into wells, covered with second 
antibodies. 
Rinse the wells 4 x Tween 80 in washer. 
3 Add 100 µl antibodies anti P4 1:60000 diluted in 
EIA buffer (with 0.1% BSA) to all wells without 
NSB. 
Add to each wells 150 µl buffer A+B (mix components 
A and B in ratio 1:1, before add 7.5 ml of A and 7.5 ml 
of B) 
4 Add 100 µl P4 – HRP (1:60000) diluted in EIA 
buffer (with 0.1% ALBUMIN) to all wells. 
Incubate plates at temperature 360C for 45 min in 
darkened place. 
5 Mix on shaker. Add 50 µl 2M H2SO4 in aim to stop of the reaction. 
6 Incubate for 18 – 24 h at temperature 40C. Measure the absorbance λ = 450 nm in reader EIA. 
Reaction characterization aimed standard curve generation, establishing the minimum 
detection limit, intra assay and inter assay coefficient of variation (%CV) and also of 
correlation factor among the three methods we used for progesterone assay. Following the 
initial assays, for CV determination, samples were grouped relative to low progesterone 
(under 1 ng/ml, as L1), high progesterone (above 1 ng/ml – L2), and for the final calculations 
were considered all 30 samples (L3). 
Standard curve was generated considering the measured values of absorbtion, from 
which were calculated the average value of absorbtion (B) for standards and samples. B/Bo 
was calculated for each standard and sample, were B represented average absorbtion for 
sandards and samples and Bo the average absorbtion for blank. 
Standard curve was generated by plotting B/Bo for each standard on a vertical logit axis 
(Y) versus the corresponding progesterone concentration on a horizontal logarithmic (X) axis: 
logit (B/Bo) = m(ln C) + b        where     logit (B/Bo) = ln [( B/Bo)/(1 – ( B/Bo))] 
Intra assay %CV was established by running five times (D1, D2, D3, D4 and D5) 10 
samples in duplicate, both for low progesterone (L1) and high progesterone (L2). %CV was 
calculated as follows:”average standard deviation of duplicates”  x 100, divided to “total 
average of duplicates”. 
A result of 10% or less is considered satisfactory (Waldman, 1993). Inter assay %CV 
was calculated using the results obtained running the assay of same samples on different days. 
For each test standard deviation and CV were calculated. Statistics were carried using 
StatPlus2005 software, regarding “t” test. 
 
RESULTS AND DISCUSSIONS 
 
The values of all assays, the calculations and reaction characteristics are included in 
tables 1 to 5. Table 1 contains the values obtained through parallel assays using the three 
methods (M1, M2 and M3), all the analyzed samples representing L3, as a base for 
calculation. From L3 were selected, in order to repeat in line the assays for establishing the 
%CV, 10 samples with progesterone level < 1 ng/ml (L1) and also 10 samples with 
progesterone level > 1 ng/ml (L2). Serum progesterone levels above 1 ng/ml are widely 
accepted as an indicator of luteal tissue (corpum luteum). Analyzing the data from table 2 
(values obtained through assays runned for five times in the same day), can be emphasized the 
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%CV variations, ranging from 5.55 to 12.98, the average value being 8.56. It is accepted that 
a percentage lower than 10% can be considered acceptable (Waldman, 1993). 
 
Table 1.  
Results obtained during parallel running of the same samples using three assay methods 
 
Nr. Identification M1 M2 M3 
1 DM E1 0,10 0,27 0,62 
2 DM E2 0,20 0,50 0,77 
3 DM E3 0,10 < 0,25 0,52 a 
4 DM E4 1,00 1,13 1,76 
5 DM G1 2,20 2,27 2,44 
6 DM G2 9,30 10,98 11,41 
7 DM G4 10,20 10,57 10,84 
8 DM G5 5,00 5,60 5,82 
9 8112 3,88 4,07 4,16 
10 8505 0.50 1,25 1,42 
11 A 7,00 8,58 8,44 
12 B 7,90 10,30 9,17 
13 C 6,10 7,59 7,72 
14 D 0,10 0,60 0,92 
15 E 5,20 6,09 5,84 
16 F 5,00 5,74 6,12 
17 G 0,10 0,36 0,71 
18 H 5,30 5,21 5,79 
19 J 0,10 0,31 0,56 
20 K 35,10 59,69 25 b 
21 L 4,70 5,27 5,43 
22 M 4,60 6,32 5,84 
23 N 0,30 0,76 0,94 
24 P 2,60 3,53 3,84 
25 R 1,40 1,98 1,86 
26 S 5,90 5,83 4,92 
27 11 2,70 2,79 3,12 
28 14 4,50 3,70 4,26 
29 16 5,10 5,05 5,44 
30 18 5,10 6,16 5,62 
 
a – lowest limit of detection for M3 method 
b – highest limit of detection for M3 method 
 
In the case of the samples with high serum progesterone (L2), the data obtained 
subsequent to consecutive assay running are included in table 3. %CV ranged between 0.96 
and 2.82, the average value being 1.59. 
When using ELISA technique for P4 assay, Simotacchi et al. (1999) reports a %CV 
intra-assay ranging from 10.2 to 12.6 . Using the same technique for progesterone assessment 
in cow milk, Comin et al. (2005) obtained a %CV intra-assay of 8%, and inter-assay of 12%. 
Comparison carried between two RIA kits for progesterone revealed a variation in %CV intra-
assay ranging from 3.6 to 5.5% and inter-assay ranging from 2.4-6% and 6-8.4% (Byszweska-
Szpociska and Markiencicz, 2006).  
Working on milk progesterone using its own kit, Simerski at al. (2007) obtained an 
intra-assay %CV ranging from 5.36 to 10.58, establishing also a good correlation with 




 Results obtained through five consecutive running of the same samples (L1 – low progesterone) 
 
Nr D 1 D 2 D 3 D 4 D 5 Average Standard Deviation %CV intra - assay 
1 0.62 0.68 0.74 0.54 0.61 0,638 0,075631 11.11 
2 0.77 0.88 0.87 0.69 0.64 0,77 0,106536 12.98 
3 0.52 0.60 0.55 0.52 0.54 0,546 0,032863 5.55 
4 1.76 1.78 1.94 2.02 1.78 1,856 0,116962 5.94 
5 1.42 1.66 1.48 1.40 1.54 1,50 0,104881 6.66 
6 0.92 0.98 1.02 0.86 0.91 0,938 0,06261 6.45 
7 0.71 0.74 0.84 0.81 0.67 0,754 0,070214 9.33 
8 0.94 0.81 1.14 0.98 1.08 0,99 0,128062 12.12 
9 0.56 0.64 0.62 0.52 0.68 0,604 0,063875 10 
10 1.86 1.68 1.92 1.94 1.82 1,844 0,103344 5.55 
 
The method we have developed (M3) generated an inter-assay %CV of 16.2 for L1 
(progesterone < 1 ng/ml), 12.1 for L2, the average value for all 30 samples being 14.4%. 
Regarding the results reported by other authors, it can be drawn the conclusion that M3 
generated reliable results, at least for intra- and inter assay %CV. For L1 are visible the high 
values of analyzed %CV, fact that could be generated by a weaker sensitivity of enzyme 
immunoassay for low P4 concentrations. 
 
Table 3. 
 Results obtained through five consecutive running of the same samples (L2 – high progesterone) 
 
Nr D 1 D 2 D 3 D 4 D 5 Average Standard Deviation %CV intra - assay 
1 2.44 2.52 2.60 2.48 2.53 2,514 0,059833 2 
2 11.41 10.86 10.93 11.26 11.38 11,168 0,256692 2.24 
3 10.84 10.15 10.44 10.86 10.77 10,612 0,30882 2.82 
4 5.82 5.68 5.99 5.74 5.77 5,80 0,117686 1.89 
5 4.16 4.21 4.24 4.10 4.29 4,20 0,073144 1.66 
6 8.44 8.64 8.67 8.58 8.52 8,57 0,092736 1.05 
7 9.17 9.41 9.28 9.22 9.26 9,268 0,089833 0.86 
8 7.72 7.83 7.88 7.62 7.68 7,746 0,107145 1.29 
9 5.84 6.02 5.88 5.91 5.96 5,922 0,070143 1.18 
10 6.12 6.18 6.24 6.28 6.18 6,20 0,061644 0.96 
 
 
The statistics are included in table 4. It can be emphasized significant differences (p < 
0.05) between the results obtained with M3 method, compared to those obtained with M1 and 
M2, in the case of samples with low progesterone. On the contrary, there are no significant 
differences in the cases of samples containing progesterone > 1 ng/ml, irrelevant to the used 
method. The same aspect is coming into discussion regarding L3 (all assayed samples). 
The average values for cows in estrus (L1) were 0.39, 0.74 and 1.008 ng/ml, generated by 
M1, M2 and M3 method. In pregnant cows (L2), the average serum progesterone was 5.18, 









 Statistic comparation between used methods 
 P4 level no. of 
samples 
M1 M2 M3 
L1 < 1 ng/ml 10 0,1306 a 0,0376 b 0,0065 c 
L2 > 1 ng/ml 20 0,3183 a 0,2939 a 0,7338 a 
L3 total 30 0,3083 a 0,9499 a 0,3718 a 
b
 and c = significant differences (p<0,05) between results obtained using M3 and the two other methods (M1 and 
M2) 
 
The fact that anti-progesterone antibodies were generated using 3,C-oxyme –BSA could 
represent an explanation for the level of detection limit, and perhaps also to the lower affinity 
in the case of samples containing low progesterone. Samuel et al. (2006) reported a lower 
affinity generated by using immunogen bound through oxyme bridge (position 3), compared 
to that resulted subsequent to use of hemysuccinate (P-11αHS-BSA), when the bridge is at 
position 11. 
Table 5.  
Main characteristics of our serum progesterone assay (M3) 
 
 %CV  intra-assay %CV inter-assay Detection limit 
L1 8,56 16,2 0,52 
L2 1,54 12,1 0,52 
L3 5,43 14,4 0,52 
 
For our reaction (M3), the detection limit was 0.52 ng/ml (table 5). Comin et al. (2005) 
reported that limit detection ranged between 0.05 and 2 ng/ml.  The use of RIA for 
progesterone assay generated a limit detection of 0.8 nmol/l or 1.5 nmol/l, depending on the 




The used progesterone immunoassay (M3) allowed based on obtained values, the 
identification of both estrus and pregnant cows. 
The detection limit allows identification of the presence of luteal tissue. 
The intra- and inter-assay coefficients of variation are ranging between widely accepted 
values in order to ascertain a reaction as reliable. 
There are no significant differences between results obtained using our method and other 
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